Introduction
The HIV surface protein is composed of a trimer of gp140, which is made up of two non-covalently associated polypeptides gp120 and gp41. Antibodies to either gp120 or gp41 can have neutralizing activity in vitro and in vivo. However, in order to neutralize, antibodies need to bind to their epitope in the context of the functional trimeric GP140 (Broder et al., 1994; Yang et al., 2000) . In our search for a method to identify memory B cells in the blood that bind to the surface of HIV we made use of an artificially trimerized gp140 protein that has previously been shown to resemble the native envelope spike (Yang et al., 2000) .
Materials and methods

Participants
HIV-1 infected patient is part of the Elite Controller Study of the Partners Aids Research Center. The patient was identified as elite controller based on clinical data (Table 1) , CD4+ T cell counts and plasma viral loads below 50 RNA copies/ml in the absence of retroviral therapy (Walker, 2007) . The un-infected volunteer was a 31 year old male recruited at the Rockefeller University. Human samples were collected after signed informed consent in accordance with Institutional Review Board (IRB)-reviewed protocols of all participating institutions.
Blood samples
Blood was obtained in syringes treated with acid citrate dextrose.
Neutralization screen
Neutralization screens were performed as previously described (Li et al., 2005) . In brief, serum neutralization was detected as reduction in luciferase reporter gene expression after single round infection in Tzm-bl cells. In order to rule out unspecific antiviral activity in the plasma sample SIVmac251. WY5 was used as a negative control.
Biotinylated gp140
The Avitag biotinylation signal (LNDIFEAQKIEWHE) was added to the carboxylic terminus of Trimeric gp140 composed of the YU2 HIV-1 envelope amino acids 1 to 683 fused to the T4 phage trimerization domain (Yang et al., 2000) . The protein was produced by transient transfection of suspension cultured 293T cells with "293 fectin" according to the manufacturer's suggestion (Invitrogen). Supernatants from transfected cells were collected after 4 days of culture and recombinant protein concentrated by lentil lectin affinity chromatography before purification by affinity on a Ni column (GE Health care, Piscataway, NJ). The purified product was biotinylated using biotin ligase according to the manufacturer's suggestions (Avidity, Denver, Co) and checked for antigenic activity by ELISA assays with monoclonal antibodies to gp140.
Flow cytometry
Mononuclear cells were purified from peripheral blood by Ficoll-Paque (GE Healthcare) density gradient centrifugation according to the manufacturer's instructions. B cells were enriched by depletion of non-B cells using a B Cell Isolation Kit (Miltenyi). Enriched cells were stained using anti-human CD19 PE, IgG APC (BD) and biotinylated gp140. Biotinylated gp140 was used for staining at a concentration of 5 µg/ml and detected using Streptavidin-PE (Pharmingen) at a dilution of 1/1500. Samples were analyzed on FACSVantage (BD) using FACSDiva Software (BD).
Results
Antigen specific IgG + B cells make up a small percentage of the circulating B cell pool. These cells can be identified by ID 50 values are the reciprocal dilutions required to achieve 50% inhibition of infectivity in a Tzm-bl assay (Li et al., 2005) . The viral strains are divided into Tier 1 and Tier 2 viruses, the former being easier to neutralize (Li et al., 2005) .
their expression of CD19 and IgG as well as a high affinity to their antigen and represent somatically hypermutated post germinal center IgG memory B cells (Klein et al., 1998) . The presence of such cells in blood correlates in part with serum antibody titers (Crotty et al., 2003; Leyendeckers et al., 1999; Nanan et al., 2001; Amanna et al., 2007) . To determine whether we could identify HIV-gp140 binding B cells in the circulation of individuals with serum titers of anti-HIV antibodies we studied one such individual and an uninfected control. Table 2 summarizes the neutralization breadth of the serum from the HIV-infected patient. Fig. 1a shows that among CD19 + IgG + B cells in the infected individual we found a distinct population of cells that also bound biotinylated gp140. Further, we were unable to detect a significant number of gp140 binding CD19 + IgG + cells in the circulation of an uninfected control (Fig. 1b) . We conclude that biotin labeled gp140 trimer can be used to identify gp140 binding B cells in the circulation of HIV infected individuals with serum titers of neutralizing antibodies.
Discussion
Despite the importance of antibody responses to HIV there are no methods to identify, study and potentially purify circulating memory B cells that express such antibodies. We find only a low frequency of gp140 binding B cells in the IgG + B cell compartment in the patient. However, the frequency of such cells was similar to the frequency of vaccinia specific circulating IgG memory B cells in vaccinia vaccinated individuals (Crotty et al., 2003) . Furthermore these cells were not found in a control uninfected individual. In conclusion, the method we describe can potentially be used to identify and purify gp140 binding B cells by flow cytometry as a first step in the cloning and characterization of the antibodies they produce (Wardemann et al., 2003; Tiller et al., 2008) . 
